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Abstract 
In order to provide a satisfactory choice while dealing with multiple criteria, planners apply some of the multiple criteria decision 
making (MCDM) methods as an aid to decision making. As the aircraft type selection embodies inherent multi-criteria decision 
making, two MCDM methods, the Analytic Hierarchy Process (AHP) and the Even Swaps Method (ESM), are applied and 
illustrated with the case study of a hypothetical regional airline. These methods are compared, as well as solutions they arrived at. 
Considering the difference between the AHP and ESM, a sensitivity analysis is carried out in different ways. In the AHP, the 
sensitivity of alternative ratings in respect to different pairwise comparisons of the alternatives is analysed, showing that the AHP 
is sensitive to this kind of changing. In the even swaps method, the objective ranking across alternatives is varied showing that 
the ESM is not sensitive at all. The final priority weight for specific aircraft type decreases with the decrease of the domination 
measure of one aircraft over another with respect to payment conditions, for all aircraft types in the solutions obtained by AHP. 
© 2015 The Authors. Published by Elsevier B. V. 
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1. Introduction 
In order to match airline capacity and passenger demand in an observed market conditions and economic 
environment, airline planners need to make fleet-related decisions that will be used in the next decades. Size and 
structure of a fleet must be determined properly in order to enable the airline to realize the planned schedule and earn 
money. In order to chose appropriate aircraft type, planners very often have to balance multiple, usually conflicting 
 
 
* Corresponding author. Tel.: +381-11-3091-264; 
E-mail address: s.dozic@sf.bg.ac.rs 
15 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Delft University of Technology
911 Slavica Dožić and Milica Kalić /  Transportation Research Procedia  10 ( 2015 )  910 – 919 
criteria. Interests of both the airline and passengers must be considered, as well as operational requirements. In order 
to provide a satisfactory choice while dealing with multiple criteria, planners apply some of the multiple criteria 
decision making (MCDM) methods as an aid to decision making. In the relevant literature, the aircraft selection 
problem is discussed in different ways considering different criteria. 
Bharda (2003) find out that it is possible to derive the selection of aircraft and fleet mix for origin and destination 
pairs based on the passenger demand on considered destinations, as well as that passengers, distance and types of 
airport hubs can support selection of an aircraft fairly well. A model for selection of aircraft in the case of a Saudi 
Arabia airline operating on domestic and international routes with the base in Jeddah and Madniah is presented by 
Harasani (2006, 2008). In the study specific aircraft types are chosen to be considered based on aircraft range and 
payload for given route network. Aircraft efficiency and its contribution to the net profit of the airline are obtained 
as a result from Excel application created by the author, helping planers to choose the right aircraft. A systematic 
evaluation model for selection of an optimal training aircraft for Air Force Academy is proposed by Wang and 
Chang (2007). An aircraft is selected mainly from the perspective of pilot drillmasters and trainees. The authors 
employ multi-criteria decision making method to determine the importance weights of evaluation criteria, and 
TOPSIS to obtain performance ratings of feasible alternatives in linguistic terms described with triangular fuzzy 
numbers. Ozdemir et al. (2011) use Analytic Network Process (ANP) to choose middle range, single-aisle aircraft 
for Turkish Airlines. They consider cost (purchasing, operation and spare, maintenance and salvage cost), time 
(delivery time and useful life) and physical attributes and others (dimensions, security, reliability and suitability for 
service quality) as the main criteria (sub-criteria). Vidović et al (2011) define the criteria applicable to modelling of 
low-cost airline in the Republic of Croatia. They propose seats, mass (payload, MTOM – maximal take-off mass), 
operating data (airspeed, flights altitude, range), infrastructure needs (runway length for take-off and landing) as the 
criteria (sub-criteria) for selecting optimal aircraft type from set of three aircraft types. Gomes et al. (2014) 
investigate the aircraft selection problem in regional charter flights in Brazil. They use three groups of criteria 
(financial, logistics and quality) in the multi-criteria decision aiding method named NAIADE (Novel Approach to 
Imprecise Assessment and Decision Environments). 
Due to the global airline industry has been passing through a very turbulent period in the last decade airlines are 
faced with the inability to respond to the market and demand changes adequately. Therefore some of them will go 
bankrupt and will be replaced by new ones, while others will maintain their market position. For all airlines, either 
new ones or airlines that are well positioned in the market, fleet planning and aircraft type selection are problems 
which are very important and always actual, which has motivated the authors to research them. As the aircraft type 
selection is recognized as multi-criteria decision making, two MCDM methods, the Analytic Hierarchy Process 
(AHP) and the Even Swaps Method (ESM), are applied in this paper. In order to enable an airline to respond better 
to the market changes it is decided to compare two MCDM methods, and to learn their solution sensitivity to 
different changes. The AHP implies dividing the problem into a hierarchy of issues which should be considered in 
the work. This methodology considers a set of chosen criteria and a set of alternatives among which the best solution 
regarding the weights of criteria and alternatives is to be found. The pairwise comparison method is used to compare 
alternatives and determine their importance over each other. Even swaps method provides a practical way of making 
trade-offs among any set of objectives across a range of alternatives. The method forces decision-makers to think 
about the value of one objective in terms of another and to make smart decisions related to aircraft type considering 
different criteria and making wise trade-offs. It should be noted that both of the methods use quantitative as well as 
qualitative data (that are translated into numbers). The MCDM methods are illustrated with the case study of a 
hypothetical regional airline. These methods were compared, as well as solutions they arrived at. Considering the 
difference between the AHP and ESM, the sensitivity analysis is carried out in different ways. In the AHP, the 
sensitivity of alternative ratings with respect to different pairwise comparisons of the alternatives is analysed (Dožić 
and Kalić (2014) analyzed solution sensitivity with respect to different pairwise comparisons of the criteria), while in 
the even swaps method the objective ranking across alternatives is varied in order to learn solution sensitivity. 
2. Model and data 
Dožić and Kalić (2015) developed the three stages airline fleet planning model encompassing approximate fleet 
mix, fleet sizing and aircraft selection, respectively. Passenger demand and distance are the inputs to the first stage 
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to get an approximate fleet mix in terms of aircraft size. As a result, one or two sets of routes are specified: one set 
when all routes are covered by small or by medium-size aircraft, two sets when some routes are covered by small 
aircraft while others are covered by medium-size aircraft. After determination of the approximate fleet mix, the 
problem transforms into one or two independent fleet sizing problems. Using the set(s) of routes specified in the first 
stage, the number of needed aircraft is determined in the second stage. Using the results obtained from the second 
stage, the third step is to determine which aircraft type meets the market requirements in the best way. The third 
stage of the model developed by Dožić and Kalić (2015) is analyzed in this paper, applying two different MCDM 
methodologies for to the aircraft selection problem. 
The AHP and the ESM are used to choose the most suitable aircraft type from the set of alternatives considering 
different criteria. The methodologies are applied to the case study of a hypothetical airline which will replace the 
existing one. The airline’s route network consists of 27 routes. According to the estimated demand and route 
characteristics (Dožić and Kalić, 2015), 8 routes should be covered by small aircraft with capacity up to 100 seats, 
while the 19 routes should be covered by medium size aircraft with the capacity of 101-200 seats. In this paper, the 
focus is on the set of routes covered by small aircraft. Short distance (up to 800 km), historical, cultural and ethnical 
connections, summer resorts and tourist centers, similar predicted numbers of passengers per flight (40-100, that 
correspond to capacity of small aircraft) are the main characteristics of selected routes. The set of alternatives for 
selection of small aircraft is determined and consists of regional jets Embraer 190 (ERJ 190), CRJ 700, CRJ 900 and 
CRJ 1000, as well as turboprops ATR 72-500, ATR 72-600 and Bombardier Q400 NG. The set of criteria 
considered includes aircraft seat capacity (which is a measure that reflects matching demand and capacity), aircraft 
price (describing the needed investment), total baggage (related to possibility to earn from cargo transport), maximal 
take-off mass – MTOM (the main unit for calculation of airport and navigation fees), payment conditions 
(describing payment advantages offered by different manufacturers or leasing companies) and total cost per 
available seat miles – CASM (indicating the operational costs and aircraft performances). 
According to their values, objectives are ranked through all alternatives in the EMS, while their importance over 
each other is determined in the AHP. The aircraft, the capacity of which meets the estimated number of passengers 
per flight in the best way, is considered the most suitable. Also, the lowest price of an aircraft is the most acceptable, 
while the highest price is not desirable. The more baggage per passenger is available, the more suitable aircraft type. 
In terms of MTOW, it is evident that the airline prefers lighter aircraft to heavier ones. The lower unit costs 
expressed by cents per available seat mile (ASM) makes aircraft type preferable for an airline.  
3. Analytic Hierarchy Process 
The Analytic Hierarchy Process (AHP) is introduced and developed by Saaty (1980). It is a multi-criteria 
decision making approach which divides the problem into a hierarchy of issues which should be considered. The 
AHP is a method that uses both quantitative and qualitative data translated into numbers. It presents a theory of 
measurement through pairwise comparisons. The pairwise comparison method is used to compare alternatives and 
determine their importance over each other. Comparisons are made using a scale of absolute judgements that 
represents the domination measure of one element over another with respect to a given attribute. 
For considered multi-criteria decision making problem, the AHP is used to support selection of appropriate 
aircraft type. The six criteria are chosen in the second level of hierarchy (Dožić and Kalić, 2014) from airline’s 
perspective, as aforementioned. The third level includes different aforementioned aircraft types selected to be 
candidates in the set of alternatives (Dožić and Kalić, 2014). The criteria are described by numerical, quantitative 
values, with the exception of payment conditions which are quantitatively defined. 
Saaty (1980) introduces the fundamental scale which indicates the intensity of importance on an absolute scale in 
order to compare alternatives and criteria. The scale consists of verbal judgments of preference ranging from equal 
to extreme (equal, moderate, strong, very strong, extreme importance) with the corresponding numerical judgments 
(1, 3, 5, 7, 9), as well as intermediate values between the two judgements. The numerical judgements in the pairwise 
comparison matrix satisfy the reciprocal property, which means if activity i has one of the above nonzero numbers 
assigned to it when compared with the activity y, then j has the reciprocal value when compared with i (aji = 1/aij). 
Local and global priority vectors should be computed. Pairwise comparison matrices for the criteria and alternatives 
enable computing of local and global priorities as well as ranking of alternatives. Priorities from pairwise 
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comparisons are calculated in different ways using: eigenvector method, geometric mean method or arithmetic 
average method. The eigenvector method is used in this paper to determine ranking of aircraft types.  
The example presented is taken from the paper published by Dožić and Kalić (2014). The matrix of pairwise 
comparisons of the criteria is shown in Table 1, along with priority vector. In this example, the highest priority is 
given to price, payment conditions and CASM with 27% of the influence from each of them. Tables 2 and 3 present 
the domination measure of one aircraft over another with respect to seat capacity and payment conditions. These two 
criteria are chosen because they are subject to changes and they will be varied in the sensitivity analysis. The highest 
local weights with respect to seat capacity is given to aircraft types ATRs and CRJ 700, which is expected bearing in 
mind that their capacities meet the estimated number of passengers per flight in the best way (Dožić and Kalić, 
2015). The values of local weights are equal to 0.227 (Table 2). Considering payment conditions (Table 3), the 
highest local priority (0.263) is given to ATRs. The other tables that present the domination measure of one aircraft 
over another with respect to the remaining criteria are given by Dožić and Kalić (2014).  
Table 1. Pairwise comparison matrix for the first level 
 Seat capacity Price  Total baggage  MTOW Payment conditions CASM Priority vector  
Seat capacity 1 0.25 3 0.5 0.25 0.25 0.071 
Price 4 1 5 5 1 1 0.271 
Total baggage 0.333 0.2 1 0.5 0.2 0.2 0.043 
MTOW 2 0.2 2 1 0.2 0.2 0.075 
Payment conditions 4 1 5 5 1 1 0.271 
CASM 4 1 5 5 1 1 0.271 
Table 2. Domination measure of one aircraft over another with respect to seat capacity 
Seat capacity ATR 72-500 ATR 72-600 ERJ 190 Q400 NG CRJ 700 CRJ 900 CRJ 1000 Priority vector 
ATR 72-500 1 1 4 2 1 3 4 0.227 
ATR 72-600 1 1 4 2 1 3 4 0.227 
ERJ 190 0.25 0.25 1 0.333 0.25 0.5 1 0.051 
Q400 NG 0.5 0.5 3 1 0.5 2 3 0.134 
CRJ 700 1 1 4 2 1 3 4 0.227 
CRJ 900 0.333 0.333 2 0.5 0.333 1 2 0.083 
CRJ 1000 0.25 0.25 1 0.333 0.25 0.5 1 0.051 
Table 3. Domination measure of one aircraft over another with respect to payment conditions 
Payment conditions ATR 72-500 ATR 72-600 ERJ 190 Q400 NG CRJ 700 CRJ 900 CRJ 1000 Priority vector 
ATR 72-500 1 1 4 2 3 3 3 0.263 
ATR 72-600 1 1 4 2 3 3 3 0.263 
ERJ 190 0.25 0.25 1 0.333 0.5 0.5 0.5 0.052 
Q400 NG 0.5 0.5 3 1 0.5 0.5 0.5 0.093 
CRJ 700 0.333 0.333 2 2 1 1 1 0.110 
CRJ 900 0.333 0.333 2 2 1 1 1 0.110 
CRJ 1000 0.333 0.333 2 2 1 1 1 0.110 
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Table 4. Local and global priority weights  
 
Seat capacity 
(0.071) 
Price 
(0.271) 
Total baggage  
(0.043) 
MTOW 
(0.075) 
Payment conditions 
(0.271) 
Total c/asm 
(0.271) 
Final priority 
vector 
ATR 72-500 0.227 0.250 0.037 0.278 0.263 0.065 0.1947 
ATR 72-600 0.227 0.250 0.056 0.278 0.263 0.065 0.1954 
ERJ 190 0.051 0.082 0.347 0.033 0.052 0.172 0.1037 
Q400 NG 0.134 0.144 0.090 0.176 0.093 0.107 0.1197 
CRJ 700 0.227 0.144 0.090 0.114 0.110 0.042 0.1082 
CRJ 900 0.083 0.082 0.148 0.073 0.110 0.274 0.1437 
CRJ 1000 0.051 0.050 0.232 0.048 0.110 0.274 0.1346 
 
Local and global priority weights are given in Table 4. It can be seen that the most appropriate aircraft is ATR 
72-600, with the final priority weight of 0.1954. The final ranking of aircraft types is the following: ATR 72-600, 
ATR 72-500, CRJ 900, CRJ 1000, Q400 NG, CRJ 700 and the last one is ERJ 190. This solution is used as the 
initial one for sensitivity analysis, which will be described in the next section. 
3.1. Analytic Hierarchy Process – Sensitivity Analysis 
Sensitivity of alternative ratings in respect to different pairwise comparisons of the alternatives is analysed 
hereinafter. Sensitivity analysis is not feasible for some criteria, because their values are not subject to change. Costs 
are determined and the airline always seeks for lower costs. The sensitivity analysis with respect to CASM changes 
is not conducted, because CASM varies with the change of sector length, which is not assumed in this paper 
(average sector length for the hypothetical airline is 200 miles, and CASM data are related to this sector length). 
Lower price is more desired than the higher one. MTOM and total baggage are characteristics of the aircraft, 
therefore, it is not possible to change them. Also, it is assumed that the aircraft of the same type have the same 
configuration (number of seats, total baggage). 
Given that some of the selected criteria could not be varied, the value of payment conditions criteria that is 
subject to negotiation is changed throughout all alternatives, as well as the value of aircraft capacity criteria, which 
could be more or less close to the demand. The numerical judgment of these two criteria is varied throughout all 
alternatives. The initial experiment is presented in the previous section (Dožić and Kalić, 2014). In the initial 
experiment excellent payment conditions are offered for the ATRs. They are followed by Q400 NG (very good 
payment conditions). The third are CRJs (good payment conditions) and the worst (poor) payment conditions are 
offered for ERJ 190. Considering four different payment conditions (excellent, very good, good and poor) as 4 
permutations of 4 elements, 24 experiments in total (4!) were carried out for this criterion (the initial one and 
additional 23 experiments). Depending on the estimated demand, the capacity of an aircraft corresponds to the 
airline more or less. It is assumed that there are four different aircraft capacities in the initial experiment. The 
capacity of ATRs and CRJ 700 matches estimated number of passenger in the best way. These aircraft capacities are 
followed by Q400 NG, than is CRJ 900, and finally CRJ 1000 and ERJ 900 are not satisfy the airline need in the 
appropriate way. Regarding the criterion of aircraft capacity it is possible to carry out (theoretically) 24 experiments 
in total, but only initial experiment and additional 8 experiments are reasonable. Therefore, 9 selected experiments 
are presented in sensitivity analysis for the aircraft capacity criterion. Observations that have been reached are 
presented below. 
The figures present the sensitivity analysis of alternative rankings by changing the numerical judgment related to 
payment conditions throughout all aircraft types, while keeping all other judgments constant. Each figure 
corresponds to the experiments in which the most acceptable payment conditions are offered to the appropriate 
aircraft type. The initial solution is denoted as experiment 0 in the Fig. 1. 
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If aircraft ATR 72-500 and ATR 72-600 are the aircraft with the most acceptable payment conditions in 
comparison with other aircraft types, then the ATR 72-600 is the best ranked aircraft irrespective of payment 
conditions for other aircraft (Fig. 1). If the most acceptable payment conditions are offered for Q400 NG, it will be 
the best ranked aircraft no matter what payment conditions are offered for the other aircraft (Fig. 2). 
If Bombaridier’s CRJs (CRJ 700, CRJ 900 and CRJ 1000) have the highest value of pairwise judgment for 
payment conditions, in the final aircraft rankings the aircraft CRJ 900 will be the best ranked aircraft irrespective of 
the payment conditions for the other aircraft (Fig. 3). If aircraft E 190 is the aircraft with the best payment 
conditions, in the final ranking this aircraft will be top-ranking only if ATRs are in the third place with respect to 
payment conditions. If ATRs are placed right behind ERJ 190 (according to payment conditions), than the first three 
aircraft are ATR 72-600, ATR 72-500 and E 190 (Fig. 4). The three aircraft ATR 72-500, CRJ 700 and CRJ 1000 
are not sensitive to changes of numerical judgment for single property payment conditions, thus these aircraft are 
never the final choice. Numerical judgment for this single criterion, payment conditions, will influence the final 
ranking of aircraft, which is expected because payment conditions are one of the most influenced criterion (they 
have the highest priority in the priority vector for the first level). 
 
 
 
Fig. 1. Aircraft rankings with respect to payment conditions changes 
(ATR 72-500 and ATR 72-600 – the most acceptable payment 
conditions) 
 
Fig. 2. Aircraft rankings with respect to payment conditions changes 
(Q400 NG – the most acceptable payment conditions) 
 
 
 
Fig. 3. Aircraft rankings with respect to payment conditions changes 
(CRJs – the most acceptable payment conditions) 
 
Fig. 4. Aircraft rankings with respect to payment conditions changes 
(ERJ 190 – the most acceptable payment conditions) 
 
It can be observed from the experiments carried out that priority of an alternative in the final priority vector 
decreases with the decrease of the domination measure of one aircraft over another with respect to payment 
conditions, for all aircraft types. 
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Changes in air travel demand influence the aircraft capacity that an airline needs. Therefore, changes in the 
aircraft capacity are analysed, while other numerical judgments are kept constant. The initial experiment (denoted 
by 0) and 8 additional, possible experiments were carried out (Fig. 5).  
 
 
Fig. 5. Aircraft rankings with respect to aircraft capacity changes 
It can be observed that the increase in demand that requires larger aircraft capacity caused the changes in the final 
ranking of aircraft. The initial ranking of alternatives (ATR 72-500, ATR 72-600, CRJ 900, CRJ 1000, Q400 NG, 
CRJ 700 and ERJ 190) is changed, thus the last two aircraft exchange their places. The most inappropriate aircraft is 
CRJ 700 instead of ERJ 190, while the first five aircraft preserved their positions (experiments 1-7, Fig. 5). When 
the increase in demand requires aircraft with the largest capacity (experiment 8, Fig. 5), final ranking of aircraft is as 
follows: ATR 72-500, ATR 72-600, CRJ 1000, CRJ 900, ERJ 190, Q400 NG and CRJ 700. 
4. Even Swaps Method 
The Evan swaps method is proposed by Hammond et al. (1998) and Hammond and Keeney (1999a, 1999b). They 
indicate that sometimes one should make different trade-offs in order to facilitate decision making. The ESM 
provides a reliable mechanism for making trade-offs. It is based on the fundamental principle of decision making: if 
all alternatives are rated equally for a given objective, then that objective can be ignored when choosing among the 
alternatives considered. The first step in this method is to create a consequences table, by listing all defined criteria 
(aircraft seat capacity, aircraft price, total baggage, MTOW, payment conditions and total cost per available seat 
miles – CASM) down the left side, and possible aircraft types (ERJ 190, CRJ 700, CRJ 900, CRJ 1000, ATR 72-
500, ATR 72-600 and Q400 NG) along the top. Thus, columns present the aircraft types described by the criteria; 
while rows present criteria for each alternative. Each criterion will be described in an appropriate way and will give 
information about its influence on aircraft type choice. In consequences tables, criteria can also be described both in 
quantitative (by numbers) and qualitative terms (by words). The next table that should be created is a ranking table. 
In this table, each criterion is ranked across the aircraft types. For example, the most acceptable aircraft type for the 
criterion considered is replaced with number 1, the second-best aircraft type is replaced with number 2, etc. The 
ranking table enables one to compare aircraft types by all criteria and to find dominated aircraft type. The dominated 
aircraft type is defined as an aircraft type which is worse on some objectives and not better on all other objectives in 
comparison with the other aircraft type. A dominated aircraft type can be eliminated from further consideration, 
which reduces the number of types of aircraft in the set of alternatives. Practical dominance also should be revealed 
in order to reduce the number of alternatives, again, if it is possible. Practical dominance means that an aircraft type 
is worse or equal on some criteria and better in only one criterion. The aircraft types practically dominated can be 
eliminated as well, if the worse criterion is not so important, in the decision makers’ opinion. When there are no 
more dominated aircraft types, swaps can be made. The ESM provides an opportunity to adjust different criteria in 
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order to make its value equal across all aircraft types, and finally, to eliminate it from further consideration. It means 
that it is possible to decrease the value of one of the criterion, while another one must increase by the equivalent 
value. Progressive simplification of the problem is made using the dominance or practical dominance to eliminate 
alternatives and using trade-offs to equalise performances on a selected criterion allowing the elimination of that 
criterion. The objectives and alternatives are eliminated until one aircraft type dominates all others, or only one 
criterion for comparison of aircraft types remains. 
Dožić and Kalić (2013) applied the ESM to the aircraft selection problem. The set of alternatives presented in 
their paper is used in this research, but the set of criteria is different. It is the same set of criteria as in the previous 
example where AHP is used for ESM in order to enable comparison of the solutions obtained by these two MCDM 
methodologies.  
The consequences table is presented in Table 5. All data are taken from the official web sites of aircraft 
manufacturers, except payment conditions, which are assumed, and CASM, which are taken from Aircraft 
Commerce (2009). According to Aircraft Commerce (2009) the ATR 72-500 offers a significant cost advantage over 
the CRJ 700. The average sector length for hypothetical airline is near 200 miles, and the CASM data related to 200 
miles are satisfying. In the ranking table (Table 6), all aircraft types are ranked across alternatives, and qualitative 
data are transformed into numbers. By assuming passenger load factor to be 75% (according to Clark (2007), 
recommended passenger load factor of 75% is acceptable for an airline), the aircraft capacity of 68-70 seats is the 
most appropriate and awarded the ranking 1, the second one – the ranking 2, etc. (Table 6). The lowest price and the 
excellent paying conditions get the ranking 1, while the worst are ranked as fourth (Table 6). The larger the cargo 
volume is, the higher the ranking. MTOM and CASM are awarded rank 1 if the aircraft type is lighter and with 
lowest unit costs, while the worst aircraft types according to MTOM and CASM get the rankings 6 and 5, 
respectively.  
Table 5. Consequences table for aircraft type choice 
ATR 72-500 ATR 72-600 E 190 Q400 NG CRJ 700 CRJ 900 CRJ 1000 
Seat capacity 68 70 98 74 70 88 100 
Price (millions USD) 21.9 22.7 43 31.67 37 44.5 49.5 
Total baggage (m3) 13.75 15.13 32 17.9 18.3 20.32 23.6 
MTOW (t) 22.5 22.8 47.8 29.6 33 36.5 39 
Payment conditions Excellent Excellent Poor Very Good Excellent Good Poor 
CASM 16.4 16.4 15.4 15.6 >16.4 14.5 14.5 
Table 6. Ranking table for aircraft type choice 
ATR 72-500 ATR 72-600 E 190 Q400 NG CRJ 700 CRJ 900 CRJ 1000 
Seat capacity 1 1 4 2 1 3 4 
Price (millions USD) 1 1 3 2 2 3 4 
Total baggage (m3) 6 5 1 4 4 3 2 
MTOW (t) 1 1 6 2 3 4 5 
Payment conditions 1 1 4 2 3 3 3 
CASM 4 4 2 3 5 1 1 
 
The first step is to identify dominated alternatives that can be eliminated in order to reduce the number of 
alternatives. The ranking table (Table 6) shows that ATR 72-500 is dominated by ATR 72-600, and it can be 
eliminated. The second step is to reveal practical dominance. ERJ 190 has only one advantage over CRJ 900, thus it 
is a candidate for elimination due to practical dominance. Since the advantage is the total baggage and since in the 
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case of selected destinations cargo transport is negligible, ERJ 190 should be eliminated. On the other hand, CRJ 
700 and CRJ 1000 are practically dominated by ATR 72-600 and CRJ 900, respectively, and for the same reason 
these two types of aircraft should also be eliminated. After these eliminations (gray columns in Table 6), the 
problem is decreased from seven to three types of aircraft (ATR 72-600, Q400 NG and CRJ 900), Table 7. In order 
to further reduce the problem size by reducing number of criteria and making swaps, CASM are equalized for all 
aircraft. In this example the trade-offs are made between CASM and aircraft price – if CASM decreases, then 
aircraft price can be increased, and vice versa (Table 7). It is estimated that reduction of CASM will increase the 
aircraft price for the amount equal to the product of total ASM1 on route network per year (routes planned to be 
served by small aircraft) and the difference between original and new value of costs (Table 7). After making the 
even swaps, the aircraft Q400 NG becomes practically dominated by ATR 72-600, while CRJ 900 is practically 
dominated by ATR 72-600 and Q400 NG. Bearing in mind that the ATR 72-600 is the worst solution according to 
total baggage only (which is not important on the routes considered), it can be concluded that the aircraft type ATR 
72-600 is the most appropriate one. 
 
Table 7. Even swaps for aircraft type choice 
ATR 72-600 Q400 NG CRJ 900 
Seat capacity 70 74 88 
Price (millions USD) 24.90      22.7 33.02     31.67 44.5 
Total baggage (m3) 16.53 17.9 20.32 
MTOW (t) 22.8 29.6 36.5 
Payment conditions Excellent Very Good Good 
CASM 14.5        16.4 14.5         15.6 14.5 
 
4.1. Even Swaps Method – sensitivity analysis 
The experiments carried out showed that the final solution (selected aircraft type) obtained by the ESM was not 
sensitive to the changes of payment conditions. Initial experiment was carried out as well as 23 additional 
experiments, and the chosen aircraft type was always the same – ATR 72-600. 
Speaking of solution sensitivity when the demand is changing, it can be concluded that the ESM is not sensitive 
to this kind of changes either, and the choice is always ATR 72-600. 
5. Conclusion 
This paper applies the two MCDM methodologies, AHP and ESM, to the same problem under the same 
conditions. The identical sets of alternatives and criteria are used. The same solutions, chosen aircraft type, are 
arrived at by using both of the methodologies.  
The paper also gives a sensitivity analysis. The initial experiment (with the same solution) and additional 23 
experiments were carried out applying the AHP and the ESM as well, by changing the criterion of payment 
conditions. It is shown that the AHP is sensitive to this kind of changing, while the ESM is not sensitive at all. The 
solutions obtained by AHP, shows that the final priority weight for specific aircraft type decreases with the decrease 
of the domination measure of one aircraft over another with respect to payment conditions, for all aircraft types. 
The influence of changes in travel demand, which further affect the required aircraft capacity, is also presented in 
this paper through the experiments conducted by applying the AHP and ESM. The initial experiment and 8 
 
 
1 ASM (available seat miles) – the sum of the products obtained by multiplying the number of passenger seats available for sale on each flight 
stage by the stage distance. 
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additional experiments are analysed and it is concluded that the changes in the required aircraft capacity influence 
the final ranking of aircraft types derived by AHP. On the contrary, the most suitable aircraft according to the ESM 
is always ATR 72-600. 
Both methods, the AHP and ESM, can be successfully used for aircraft type selection problems. The great 
advantage of the methodologies is that both can use quantitative as well as qualitative data. Considering the two 
presented MCDM methodologies and their sensitivity analysis, it can be concluded that the ESM is suitable for 
cases when decision makers have complete data and can rank all alternatives across the selected criteria. When 
decision makers are not able to make rankings and when only the pairwise comparison is available, the AHP befits 
better.  
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